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(54) LITHIUM ION SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium ion secondary 


battery preventing an accident such as the generation of heat of high 
temperature caused by the short-circuit between a positive electrode 
and a negative electrode positioned at least at either a winding start 
end or a winding finish end of a group of electrodes. 
SOLUTION: A group of electrodes 3 is formed by winding a positive 
electrode 10 having an active material layer 9 on a collector 8, and a 
negative electrode 6 having an active material layer 5 on a collector 4 
through a separator 7 therebetween, and insulating coating films 11a, 
11b, 11c, 1 1 d prepared by binding the powder having the heat-proof 
characteristic of 500°C or more with a binder resin are fixed to a part 
or the whole of an exposed face opposite to the other electrode, of at 



least one of the collectors at the positive and negative electrode parts 
positioned at the winding start end part and the winding finish end part 
of the group of electrodes 3. 
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[Claim(s)] 
[Claim 1] 

It has the electrode group which intervened the separator among them and wound the negative electrode in 
which the active material layer was formed around the plus terminal which formed the active material layer in 
the charge collector, and the charge collector, 

Said electrode group begins to wind and it sets to a part for an end and said positive/negative polar zone 
which winds and is located in an end end. The rechargeable lithium-ion battery characterized by fixing the 
insulating film by which the fine particles which have the heat-resisting property of 500 degrees C or more 
were bound with binder resin to some or all of the exposure side in at least one charge collector. 
[Claim 2] 

Said fine particles are rechargeable lithium-ion batteries according to claim 1 characterized by being at least 
one inorganic substance fine particles chosen from alumina, silica, zeolite, and titanium oxide. 
[Claim 3] 

Said fine particles are rechargeable lithium-ion batteries according to claim 1 or 2 characterized by mean 
particle diameter being 30 micrometers or less. 
[Claim 4] 

There is no Claim 1 characterized by said binder resin being 5-35 to said fine particles 100 at a weight rate, 
and the mixed ratio of said fine particles which constitute said insulating film, and said binder resin is the 
rechargeable lithium-ion battery of a description 3 either. 
[Claim 5] 

There is no Claim 1 characterized by being 5 micrometers or more and below the thickness of said active 
material layer, and said insulating film is the rechargeable lithium-ion battery of a description 4 either. 
[Claim 6] 

There is no Claim 1 characterized by a spherical thing, and said fine particles are the rechargeable lithium- 
ion batteries of a description 5 either. 


[Detailed Description of the Invention] 
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[0001] 

[Field of the Invention] 

This invention relates to a rechargeable lithium-ion battery. 
[0002] 

[Description of the Prior Art] 

The substance in which a dope and a dedope are possible is used for a rechargeable lithium-ion battery for 
a lithium ion like a carbon material as the negative electrode. A lithium multiple oxide like a lithium Cobalt 
multiple oxide is used for a plus terminal, and cell voltage is high, and it has high energy density, and has 
the further excellent cycle characteristic. 
[0003] 

[ said rechargeable lithium-ion battery, for example, a square-shaped rechargeable lithium-ion battery, ] The 
plus terminal in which the active material layer was formed to both sides of the band-like positive electrode 
current collector, and the negative electrode in which the active material layer was formed to both sides of 
the band-like negative electrode collector are wound through a separator like a polyethylene film, and it is 
considered as an electrode group, and has the structure stored in the container where [ of this electrode 
group ] an insulator is laid up and down. In addition, in order to prevent lithium depositing at the time of 
charge and producing a short circuit inside, it is common to enlarge the width and length of the negative 
electrode which intervene and counter a plus terminal in a separator. 
[0004] 

In the portion around which said electrode group begins to wind and which an end, and the exposure side of 
the charge collector of a plus terminal and the active material layer of the negative electrode which winds 
and is located at least in one side of an end end counter through a separator in such a rechargeable lithium- 
ion battery although it is a very rare case These positive/negative pole penetrated the separator, the short 
circuit was produced, and there was a problem which results in hot generation of heat. 
[0005] 

The result of this invention persons having disassembled the secondary battery which resulted in said 
generation of heat, and having investigated the exothermic portion, A crack occurs in a thin separator by a 
certain cause, a small internal short circuit breaks out between the exposure side of the charge collector of a 
plus terminal, and the active material layer of the negative electrode, a separator is further damaged by the 
joule generation of heat, big current flows, and it came to be presumed that it resulted in generation of heat. 
Such generation of heat has the danger of reaching high temperature to the extent that aluminum which is 
the collector material of a plus terminal is also dissolved, and inflicting a burn on a battery user. 
[0006] 

In the rechargeable lithium-ion battery, even if the accident which results in generation of heat is very rare, 

for the user, it is anxious for it being serious and avoiding beforehand. 

[0007] 

By the way, it has the rolled electrode object which the plus terminal and the negative electrode to which the 
electrode mixture was applied so that the length of the negative electrode which counters a plus terminal to 
rear surface both sides of a band-like metallic foil might become larger than this plus terminal are made to 
counter JP,H7-130389,A through a separator, and is wound. Since said covering portion is maintainable in 
the state where contact with the exterior was severed, by covering the insulating resin of the non-countering 
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portion of the negative electrode or the plus terminal in which a winding electrode object begins to wind 
around, and/or it winds around, and is finally located insoluble to an electrolytic solution at least in part, A 
nonaqueous electrolyte secondary battery like the rechargeable lithium-ion battery which held in the state 
where it hardly participates in a reaction with the lithium ion in an electrolytic solution at the time of charge of 
a battery, and prevented diffusion of the lithium ion to said covering portion is indicated. 
[0008] 

between the negative electrodes and the plus terminals in which a winding electrode object begins to wind 
around, and/or it winds around in such a nonaqueous electrolyte secondary battery, and is finally located - 
for example, - the separator by a foreign substance like a comparatively big electrode piece and an 
insulating resin film run - etc. - a short circuit may be produced Since said film was made with insulating 
resin at this time, it fused by joule generation of heat accompanying said short circuit, and was lost by that 
insulating function, the separator was also damaged simultaneously, and there was a problem which results 
in an exothermic accident which big current flowed through and mentioned above. 
[0009] 

In the battery which equipped JP,H10-241655,A with the separator which intervenes between a plus 
terminal, the negative electrode, and these on the other hand The battery which fixed the insulating material 
particle aggregate layer which consists of a binder which combines an insulating material particle with the 
specific surface area of at least specification [ either ] of the active material layer of said plus terminal and 
the active material layer of said negative electrode and these particles, and formed the separator is 
indicated. 
[0010] 

[Problem to be solved by the invention] 

This invention tends to offer the rechargeable lithium-ion battery which can prevent beforehand the accident 
which results in hot generation of heat, even if an electrode group begins to wind and a short circuit arises 
between an end, the plus terminal which winds and is located at least in one side of an end end, and the 
negative electrode. 
[0011] 

[Means for solving problem] 

The rechargeable lithium-ion battery concerning this invention is equipped with the electrode group which 
intervened the separator among them and wound the negative electrode in which the active material layer 
was formed around the plus terminal which formed the active material layer in the charge collector, and the 
charge collector, 

Said electrode group begins to wind and it sets to a part for an end and said positive/negative polar zone 
which winds and is located in an end end. It is characterized by fixing the insulating film by which the fine 
particles which have the heat-resisting property of 500 degrees C or more were bound with binder resin to 
some or all of the exposure side that counters the pole of another side in at least one charge collector. 
[0012] 

[Mode for carrying out the invention] 

This invention is explained in detail hereafter. 

[0013] 

The rechargeable lithium-ion battery of this invention is equipped with the electrode group which intervened 
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the separator among them and wound the negative electrode in which the active material layer was formed 
around the plus terminal which formed the active material layer in the charge collector, and the charge 
collector. This electrode group is stored with nonaqueous electrolyte by exterior member like metal armor 
cans, for example. 
[0014] 

Said electrode group begins to wind and the insulating film by which the fine particles which have the heat- 
resisting property of 500 degrees C or more were bound with binder resin to some or all of the exposure side 
in at least one charge collector is fixed in a part for an end and said positive/negative polar zone which 
winds and is located in an end end. Here, a part of exposure side means including at least the field which 
counters the pole of another side. 
[0015] 

Next, said plus terminal, the negative electrode, a separator, a nonaqueous electolyte, and an insulating film 

are explained. 

[0016] 

1) Plus terminal 

This plus terminal has the structure in which the active material layer containing an active material and a 
binder was formed to both sides of the charge collector. In addition, a plus terminal may be the structure 
where one side of the charge collector was made to support a positive-active-material layer. 
[0017] 

As said charge collector, aluminum foil, an aluminum mesh, etc. can be mentioned, for example. 
[0018] 

As said active material, a lithium multiple oxide with high energy density is desirable. Specifically, it is 
LiCo02, LiNi02, and LixNiyCo1-y02 (however, [ x ]). It differs in the state of charge of a battery, and is 
usually 0< x<1 and 0.7< y<1.0. LixCoySnz02 (however, x, y, and z express the number of 0.05<=x<=1.10, 
0.85<=y<=1.00, and 0.001 <=z<=0. 10 respectively.) are mentioned. A lithium multiple oxide Carbonate, 
nitrate, the oxide, or hydroxide of lithium, It can obtain by carrying out preferential grinding of carbonate, 
such as Cobalt, manganese, or nickel, nitrate, an oxide, or the hydroxide by predetermined composition, and 
calcinating it at the temperature of 600-1000 degrees C under oxygen environment. 
[0019] 

As said binder, polytetrafluoroethylene (PTFE), polyvinylidene fluoride (PVdF), an ethylene propylene diene 

copolymer (EPDM), styrene-butadiene rubber (SBR), etc. can be used, for example. 

[0020] 

In said positive-active-material layer, it permits containing electric conduction agents, such as acetylene 

black, carbon black, and graphite, for example. 

[0021] 

2) Negative electrode 

This negative electrode has the structure in which the active material layer containing an active material and 
a binder was formed to both sides of the charge collector. In addition, the negative electrode may be the 
structure where one side of the charge collector was made to support a negative electrode active material 
layer. 
[0022] 
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As said charge collector, foil or a mesh of copper and nickel etc. can be mentioned, for example. 
[0023] 

[ said active material / lithium / that what is necessary is just a dope and the thing which can be dedoped ] 
For example, the burning body (what calcinated phenol resin etc. at a suitable temperature and was 
carbonized) of graphite, corks, pyrolytic carbon (a petroleum coke, a pitch coke, needle coke, etc.), and an 
organic polymer compound or polyacethylene, polypyrrole, etc. are raised. 
[0024] 

As said binder, it is desirable to contain binders, such as polytetrafluoroethylene, poly vinylidene fluoro 
RAIDO, an ethylene propylene diene copolymer, styrene-butadiene rubber, and carboxymethylcellulose, for 
example. 
[0025] 

3) Separator 

As this separator, a polyethylene porosity film, a polypropylene porosity film, etc. which have a thickness of 

20-30 micrometers, for example can be used. 

[0026] 

4) Nonaqueous electolyte 

This nonaqueous electrolyte has the composition which dissolved the electrolyte with the nonaqueous 

solvent. 

[0027] 

As an electrolyte, for example Lithium perchlorate (LiCI04), 4 fluoridation lithium borate (LiBF4), 6 
fluoridation phosphoric acid lithium (LiPF6), 6 fluoridation arsenic acid lithium (LiAsF6), Trifluoro 
methansulfonic acid lithium (UCF3S03), LiN(CF3S02)2, lithium bis[5-fluoro 2 ******- 1 -benzene sulfonate 
(2-)] borate, etc. can be used. 
[0028] 

As a nonaqueous solvent, for example Gamma-butyrolactone, ethylene carbonate, Propylene carbonate, 
diethyl carbonate, methylethyl carbonate, 1, 2-dimethoxyethane, 1, 2-diethoxy ethane, tetrahydrofuran, 1, 3- 
dioxolane, a methyl sulfolane, acetonitrile, propyl nitrile, anisole, acetate, propionic acid ester, etc. can be 
used, and two or more kinds may use it, mixing. 
[0029] 

As for the concentration of said electrolyte in said nonaqueous solvent, it is desirable to carry out 0.5mol / 

more than L. 

[0030] 

5) An insulating film 

This insulating film has the structure which the fine particles which have the heat-resisting property of 500 

degrees C or more bound with binder resin. 

[0031] 

As said fine particles, at least one inorganic substance fine particles chosen, for example from alumina, 

silica, zeolite, and titanium oxide can be mentioned. 

[0032] 

As for said fine particles, it is desirable for 30 micrometers or less of mean particle diameter to be 0.005-5 
micrometers more preferably. When the mean particle diameter of said fine particles exceeds 30 
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micrometers, there is a possibility that formation of the comparatively thin insulating film for which it was 
suitable when formation of the insulating film in a spreading process produced about [ becoming difficult ] 
and an electrode group may become difficult. 
[0033] 

In using a thing spherical as said fine particles, it becomes possible to aim at fluid improvement in coating 
slurry, and wear prevention of a coater. Alumina, silica, etc. are marketed as these spherical fine particles. 
[0034] 

As said binder resin, polyvinylidene fluoride (PVdF), polytetrafluoroethylene (PTFE), an ethylene propylene 

diene copolymer (EPDM), styrene-butadiene rubber (SBR), etc. can be used, for example. 

[0035] 

As for the mixed ratio of said fine particles which constitute said insulating film, and said binder resin, it is 
desirable that said binder resin is 5-35 to said fine particles 100 at a weight rate. When the mixed ratio of 
said binder resin is made into less than five, the spreading nature at the time of forming said insulating film 
with a spreading means falls, the intensity of said insulating film falls, or there is a possibility that the stability 
of said insulating film to the exposure side of said charge collector may fall, on the other hand - the mixing 
ratio of said binder resin -- if a rate exceeds 35, the amount of binder resin occupied on said insulating film 
will increase too much - positive/negative -- polarization -- simplistic -- there is a possibility that it may 
become difficult to prevent melting of the insulating film by joule generation of heat by which it is 
accompanied, and damage. 
[0036] 

As for said insulating film, it is desirable to have the thickness below 5 micrometers or more and the 
thickness of said active material layer, if the thickness of said insulating film shall be less than 5 micrometers 
~ spreading dispersion - between positive/negative poles -- simplistic - there is a possibility that it may 
become difficult to prevent melting of the insulating film by joule generation of heat by which it is 
accompanied, and damage. On the other hand, when the thickness of said insulating film exceeds the 
thickness of an active material layer, it interferes with the winding operation for producing an electrode 
group, or there is a possibility that the rate of occupying in the electrode group of these active material layers 
may fall. The thickness of said most desirable insulating film is 20-60 micrometers. 
[0037] 

Said insulating film is formed, for example by the following methods. 
[0038] 

While adding and agitating said fine particles and said binder resin to a suitable solvent, for example, N- 
methyl pyrolidone, and dissolving said binder resin, a binder resin solution is made to distribute said fine 
particles, and coating slurry is prepared. It continues, and after said electrode group's beginning to roll 
coating slurry, and carrying out a spray to an end, and some or all of an exposure side in at least one [ which 
winds and is located in an end end ] charge collector for said positive/negative polar zone or carrying out 
brush coating, it dries, and an insulating film is formed and it fixes. 
[0039] 

In addition, in order to aim at reduction of the number of manufacturing processes, production of said plus 
terminal or the negative electrode is faced. It is desirable to apply to the exposure side of a charge collector 
the coating slurry which continues at the process which applies the coating slurry which contains an active 
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material and a binder in a charge collector, and contains said fine particles and binder resin with a spray 
method, to dry these coating films after that, and to form an active material layer and an insulating film. 
[0040] 

Next, with reference to drawing 1 and drawi ng 2 , the rechargeable lithium-ion battery concerning this 

invention, for example, a square-shaped rechargeable lithium-ion battery, is explained. 

[0041] 

The armor can 1 made from nothing, for example, aluminum, in the closed-end rectangle tubed which 
consists of metal serves as a positive pole terminal, for example, and the insulating film 2 is arranged at the 
bottom inside. The electrode group 3 is stored in said armor can 1 . [ this electrode group 3 ] Drawing 1 With 
the negative electrode 6 of structure and the separator 7 which formed the active material layer 5 in both 
sides of a charge collector 4 like copper foil as shown in drawing 2 , and after [ for example, ] winding 
spirally the plus terminal 10 of the structure in which the active material layer 9 was formed to both sides of a 
charge collector 8 like aluminum foil so that said plus terminal 10 may be located in the outermost 
circumference, It produces by carrying out press forming to the shape of flat. In addition, it is begun to roll 
said negative electrode 6, and the active material layer 5 is formed only in the external surface of said 
charge collector 4 in near an end. Moreover, it winds, the active material layer 9 is formed only in the inside 
of said charge collector 8 in near an end end, and said plus terminal 10 touches the inside of said armor can 
1 , and directly in the charge collector 8 external-surface portion of this part. 
[0042] 

Said electrode group 3 begins to wind and the charge collectors 4 and 8 of an end, said negative electrode 6 
which winds and is located in an end end, and a plus terminal 10 are exposed, without the active material 
layers 5 and 9 being formed by neither. The insulating films 11a, 11b, 11c, and 1 1 d to which the fine 
particles which have the heat-resisting property of 500 degrees C or more were bound with binder resin are 
being fixed to the exposure sides [ in the charge collector 8 of said plus terminal 10 / 8a, 8b, 8c, and 8d ] 
part, respectively. In addition, you may fix said insulating film so that all of said exposure sides may be 
covered. 
[0043] 

The spacer 12 which has a lead extraction hole near a center and which consists of a synthetic resin, for 
example is arranged on said electrode group 3 in said armor can 1. The lid 13 which consists of metal like 
aluminum is airtightly joined to the upper end opening of said armor can 1 by laser welding. The opening of 
the drawing hole of a negative pole terminal is carried out near the center of said lid 13. The HAME tick seal 
of the negative pole terminal 14 is carried out to the hole 9 of said lid 13 through the insulation material 
made of glass or resin (not shown). Lead 15 is connected to said negative pole terminal 14 lower-end side, 
and the other end of this lead 1 5 is connected to the negative electrode 6 of said electrode group 3. 
[0044] 

In addition, the rechargeable lithium-ion battery concerning this invention is applicable not only like the 
square-shaped rechargeable lithium-ion battery mentioned above but a cylindrical shape rechargeable 
lithium-ion battery and the thin form rechargeable lithium-ion battery which uses a laminate film as an 
exterior member. 
[0045] 

As explained above, according to this invention, an electrode group begins to wind and it sets to a part for 
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an end and said positive/negative polar zone which winds and is located in an end end. Since the insulating 
film by which the fine particles which have the heat-resisting property of 500 degrees C or more were bound 
with binder resin to some or all of the exposure side in at least one charge collector is fixed, Even if said 
electrode group begins to wind, it penetrates a separator in an end and the portion around which it winds 
and which the exposure side of the charge collector of an end end, for example, a plus terminal, and the 
active material layer of the negative electrode counter through a separator and it produces a fine short 
circuit, the accident which results in hot generation of heat can be prevented. 
[0046] 

That is, although it is a very rare case, said electrode group begins to wind, a separator is penetrated in an 
end and the portion around which it winds and which the exposure side of the charge collector of an end 
end, for example, a plus terminal, and the active material layer of the negative electrode counter through a 
separator, and a minute internal short circuit is produced. Since the insulating film fixed to some or all of said 
exposure side has the structure where the fine particles which have the heat-resisting property of 500 
degrees C or more were bound with binder resin, at this time, Melting of said insulating film by joule 
generation of heat accompanying said short circuit can be stopped with said fine particles, and expansion of 
a hole difference of the insulating film resulting from melting can be prevented. As a result, since the 
expressional area of the charge collector of a plus terminal which acts as a short circuit path between the 
charge collector of a plus terminal and the active material layer of the negative electrode is mostly 
maintainable in the state of an early fine short circuit, it can prevent that big current flows between 
positive/negative poles. Therefore, as mentioned above, the whole can realize a reliable rechargeable 
lithium-ion battery for the accident which results in generation of heat by prevention beforehand. 
[0047] 

Since the fine particles can fix to the exposure side of said charge collector the insulating film distributed 
more uniformly as fine particles which constitute said insulating film especially if mean particle diameter uses 
a thing of 30 micrometers or less, Spreading workability can stop effectively melting of said insulating film by 
joule generation of heat accompanying the short circuit which it was good and was mentioned above with 
said fine particles, and expansion of a hole difference of the insulating film resulting from melting can be 
prevented more certainly. 
[0048] 

Moreover, if the mixed ratio of said fine particles which constitute said insulating film, and said binder resin is 
set up so that said binder resin may be set to 5-35 to said fine particles 100 at a weight rate Since said fine 
particles can fix to the exposure side of said charge collector firmly the insulating film distributed by high 
density, melting of said insulating film by joule generation of heat accompanying the short circuit mentioned 
above can be stopped much more effectively with said fine particles, and expansion of a hole difference of 
the insulating film resulting from melting can be prevented still more certainly. 
[0049] 

[Working example] 

With reference to a square-shaped nonaqueous electrolyte secondary battery as hereafter shown in drawing 

1 which mentioned the work example of this invention above, it explains in detail. 

[0050] 

(Work example 1) 
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<Production of a plus terminal> 

First, a LiCo02 powder 89 weight part with a mean particle diameter [ as an active material ] of 5 
micrometers, the graphite powder (Lonza trade name;KS6) 8 weight part as an electric conduction filler, and 
the polyvinylidene fluoride resin (trade name by Kureha chemistry company;#1 100) 3 weight part as a binder 
- an N-methyl pyrolidone 50 weight part - a day - sol -- [ a bar and a bead mill / use and / and ] It mixed 
and the active material content paste was prepared. 
[0051] 

moreover, an alumina fine-particles 100 weight part with a mean particle diameter of 0.5 micrometer and a 
polyvinylidene fluoride (PVdF) 15 weight part -- an N-methyl pyrolidone 235 weight part -- a day -- sol - the 
bar and the bead mill were used, it agitated and mixed, and the paste for insulating films was prepared. 
[0052] 

Subsequently, said active material content paste was coated, respectively to both sides except the both 
ends of aluminum foil which is said charge collector. In addition, it wound when considering it as an 
electrode group, and only one side of aluminum foil was coated near the end end. It continued, and began to 
wind when considering it as an electrode group, and said paste for insulating films was coated, respectively 
to the end and the exposure side of said aluminum foil which winds and counters with the negative electrode 
at the end end. Then, it was made to dry, the insulating film which is the active material layer and 5 
micrometers in thickness whose one side thickness is 80 micrometers was formed in said aluminum foil, 
press and slit processing were given further, and the reel-like plus terminal was produced. 
[0053] 

<Production of the negative electrode> 

In a graphite (Lonza trade name;KS15) 100 weight part, first, styrene / butadiene latex (trade name by Asahi 
Chemical Co., Ltd.;L1 571 , 48 weight % of solid content) 4.2 weight part, The solution (1 weight % of solid 
content) 130 weight part of carboxymethylcellulose (trade name;BSH12 by Daiichi Pharmaceutical Co., Ltd.) 
and the water 20 weight part were added, it mixed, and the paste was prepared. After having continued, 
having coated this paste in Cu foil which is a charge collector, drying and forming the active material layer 
whose one side thickness is 90 micrometers, press and slit processing were given and the reel-like negative 
electrode was produced. 
[0054] 

Subsequently, after inserting a product made from polyethylene fine porosity film between said 
positive/negative poles, it wound spirally with the winding machine, and it continued, this cylindrical thing 
was compressed by the pressure of 10kg/cm2, and the flat-like electrode group was produced. Pull, and 
continue and said flat-like electrode group is inserted into the armor can made from aluminum which makes 
closed-end rectangle tubed. The square-shaped rechargeable lithium-ion battery of the structure shown in 
drawing 1 and drawing 2 which poured in through the inlet which carried out laser welding of the lid made 
from aluminum to the opening of said armor can, and carried out the opening of the nonaqueous electrolyte 
to said lid made from aluminum further, and were mentioned above by closing was assembled. In addition, 
the thing of the composition which did 1 mol / L dissolution of 6 fluoridation phosphoric acid lithium (LiPF6) 
was used for the mixed solvent which mixed ethylene carbonate and methylethyl carbonate by the volume 
ratio of 1:2 as said nonaqueous electrolyte. 
[0055] 
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(Work examples 2-16) 

15 sorts of square-shaped rechargeable lithium-ion batteries of the structure shown in drawing 1 and 
drawing 2 which were the same as that of a work example 1 , and mentioned above the composition and the 
insulating film of a form which it begins to roll when considering it as an electrode group, and are shown in 
the following table 1 in an end and the exposure side of said aluminum foil which winds and counters with 
the negative electrode at the end end except having formed and fixed were assembled. 
[0056] 

In addition, in the work examples 13-16 using zeolite and titanium oxide as fine particles, after forming an 
active material layer in aluminum foil beforehand, brush coating was adopted and the coating of the paste 
for insulating films was performed. 
[0057] 

(Comparative example 1) 

It began to wind when considering it as an electrode group, and it wound and the square-shaped 
rechargeable lithium-ion battery of the structure shown in drawing 1 which was the same as that of a work 
example 1 , and was mentioned above at the end end except not forming an insulating film in the exposure 
side of aluminum foil which is the charge collector of an end, and the negative electrode and the plus 
terminal which counters was assembled. 
[0058] 

(Comparative example 2) 

It began to wind when considering it as an electrode group, and it wound and the square-shaped 
rechargeable lithium-ion battery of the structure shown in drawing 1 which was the same as that of a work 
example 1, and mentioned above the composition and the insulating film of a form which are shown in the 
following table 1 in the exposure side of aluminum foil which is the charge collector of an end, and the 
negative electrode and the plus terminal which counters at the end end except having formed and fixed was 
assembled. Brush coating was used for the coating for forming an insulating film at this time. 
[0059] 

It continued and inserted in the exposed part of the charge collector of a plus terminal which an armor can is 
penetrated, and an electrode group rolls the exterior to a needle, and is located in an end end about the 
secondary battery of the acquired work examples 1-16 and comparative examples 1 and 2, and the active 
material layer of the negative electrode, and the short circuit was made to cause compulsorily. At this time, 
there is an exothermic preventive effect, and the case where melting was not accepted in the charge 
collector (aluminum foil) of nothing [ an exothermic preventive effect ] and a plus terminal in the case where 
melting is accepted in aluminum foil which is the charge collector of a plus terminal was **(ed) and 
evaluated. This result is written together to the following table 1. 
[0060] 
[Table 1] 
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[0061] 

[ the secondary battery of work examples 1-16 using the thing of the structure where the fine particles which 
have the heat-resisting property of 500 degrees C or more as an insulating film so that clearly from said 
table 1 were bound with binder resin ] It turns out that aluminum foil which is a charge collector does not 
fuse even if it makes the compulsive short circuit by needling cause, but it has the outstanding reliability and 
safety. 
[0062] 

On the other hand, the secondary battery of the comparative example 1 which does not form an insulating 
film in the exposure side of the charge collector of a plus terminal, of course If the compulsive short circuit by 
needling is made to cause in the comparative example 2 made from insulating resin with the insulating film 
insoluble to the electrolytic solution of only polyvinylidene fluoride (PVdF) even when an insulating film is 
fixed to the exposure side of the charge collector of a plus terminal It turns out that aluminum foil which is a 
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charge collector fuses and reliability and safety are inferior. 
[0063] 

In addition, the insulating film used for this invention can apply a plus terminal, a separator, and the negative 

electrode also to the rechargeable lithium-ion battery of the structure accumulated by turns. 

[0064] 

[Effect of the Invention] 

As explained in full detail above, even if according to this invention an electrode group begins to wind and a 
short circuit arises between an end, the plus terminal which winds and is located at least in one side of an 
end end, and the negative electrode, a rechargeable lithium-ion battery with high reliability which can 
prevent beforehand the accident which results in hot generation of heat and safety can be offered. 
[Brief Description of the Drawings] 

[Drawing 1] The partial notch perspective view showing the square-shaped rechargeable lithium-ion battery 
concerning this invention. 

[Drawing 2] The transverse cross section of the electrode group included in the secondary battery of drawing 
1 . 

[Explanations of letters or numerals] 

1 ~ Armor can, 

3 ~ Electrode group, 

4, 8 -- Charge collector, 

5, 9 ~ Active material layer, 

6 ~ Negative electrode, 

7 - Separator, 

8a, 8b, 8c, 8d - Exposure side of a positive electrode current collector, 

10 -- Plus terminal, 

11a, 11b, 11c, 1 1 d - Insulating film, 

13-- Lid, 

14 -- Negative pole terminal. 


[Brief Description of the Drawings] 

[Drawing 1] The partial notch perspective view showing the square-shaped rechargeable lithium-ion battery 
concerning this invention. 

[Drawing 2] The transverse cross section of the electrode group included in the secondary battery of drawing 
1 . 

[Explanations of letters or numerals] 

1 - Armor can, 

3 - Electrode group, 

4, 8 -- Charge collector, 

5, 9 - Active material layer, 
6 - Negative electrode, 
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7 - Separator, 

8a, 8b, 8c, 8d - Exposure side of a positive electrode current collector, 

10 -- Plus terminal, 

11a, 11b, 11c, 1 1 d - Insulating film, 

13-- Lid, 

14 -- Negative pole terminal. 


[Drawing 1] 



[Drawing 2] 
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i ortffitasisttLTv^. 

[ 0 0 4 2 ] 

iu E**ffi3©»frJifti&4ai^fcJ:tf» t II 0 S 35 c ffi B * a iu 3B ft tts 6 is ± X « l 0 
<DH«{*4, 8ttV»-fnfeffi»JI«5, 9*»|gjS3nf CStfiSnt^So 5 0 0 °C«K 30 
cDBiStt^WT >^«HfiTfilPiasnfctt»tt«flg l l a. lib, 11c, 

1 1 d ft* M A ti tti 3D TF. ffi 1 0 CD * n ft 8 K 4o § fg tti ffi 8 a , 8b, 8c, 8 d <D - SMC 
fftftiHSMTi^o ft 43 , tu 3d Ifc » 14 « HI ti hu M ® ft ffi © £ fiP % ffi a £ -5 tc 0 ^ L 
T J; 

[ 0 0 4 3 ] 

rf ft }fi K 'J-FM^^ftt«Mi f>feStftflB^6ft§X^--9-l 2 tt . fjff 3D ^ S ffi 1 
© tu Hri ttt 11 p 3 X tc ffi g 2 ft T v 5 o 7X5~7A©J;9ft^M^Sft§aiftl 3ti, 

mf an n ffi i cd x s m n sis tc w x. « u - ^ r# MtaDts tc fi^shn^ □ ™ m ft 1 
3 cd ffj ^ w )fi tc a , ft s s x cd ?x m t >'< /y ; eapsntv^, fi«s?i 4«, m e s ft 1 

3 CD?^ 9 tc 11=7 X« ft t±ffiflBM<D|6S« (0X-£-f) 40 
tltl^o tu Hd ft S ffi 7' 1 4 X ffi ffi tc ti , U — F 1 5tfSM2ft, o cl CD U - K 1 5 cd 
ffi ffi ti mf 3d « « ffp 3 cd ft m 6 tc M ^ * tl T ^ § „ 
[ 0 0 4 4 ] 

ft fe, *5£hj! tcfi^ u f - •> a 7 * y -.Rnmit isat ft ft j& u ^ >> a^ * > ^^affltc 
et\ n m i& v ^ v a 7 ^- > x ^ ?a ffi , 7U-h7^*i$^ssftJ'i:LTffl^?si 
u 7 ^ a 7 * > x ^ m ffi tc inj m tc ifflfts. 

[ 0 0 4 5 ] 

W X M m L ft £ 5 tc X m tc d: n ti\ a « S <D g t J6 ffi g|! *5<fctf&#*!fc?) ffi Sb' tc ffi @ 
X5tufdXftffigp^tc43^T, '>ft < t fc-7T<DMfttcfct7§»mfficD-gp$ ftti^gp 
tc 5 0 0 7UXcDimi4^?f X £f}ft^'/W >^SJJRXffiS-$ftftlft»14SK^RX U 50 
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^ 5 ft to , tu IB IB ft 8¥ © fl§ * & J6 « J; Xf JS £ & t> 0 ffi gp © M * «' IE ffi © * « f* © S? & 
[ 0 0 4 6 ] 

f * t> , is«>Ti64'5r-xT*5^, tu ie vg m m © g ^ & to s gis & z m * i* t> o s gp 
© m z. is ie s © m ig w cd @g w u t a a © ?s a h m t # n a u - * % /> l t # i«j t§s^ t? 
■fe^u-^^fiiiLTffi/h^rtgpsm^aic^o c cd t * , tu ib n to m © - as $ & a £ $ 
(c0£2ftft*itt»iii 5 o o icw±©w«H4*^-rs»^^/w ^^fiiffc'ijn 
ft #s }g * *r -r s ft * , tu ib & ic # a a - >i kmic zzmmmm ft tuR®** m zm&m 
» ~e ft v ^ ± to , ?gi»fcjiriw-tsiftstt«JS&©&W2cDii£*£ i» <♦ cti^ts, ^ © s * 

, 7Eg©ifl«{* t ftftOffi&Kte ©fflOjSJ&A* t L X ffl 5 TH ffi © * « it CD j? (±1 M 

M^iics /> mo« fi ic is h? « jt -e 2 § ft to , ie ft s *z? x % ft tg ?^ ft m. n § cd * i» 

± T* # « o Lfci'oT, HtT kE L ft J; 5 £ f* # « #ft £ if 5 3f & * * M ic W ± X , *t ft © a 

^ u ^ ^ a -r * > - ffi ffl * % m x % o 

[ 0 0 4 7 ] 

ft it , m id m « m m % m m t § m w 1 1 t , ¥«as6^30MmjitT»fe©*/n^n a , 

* <E> £ 5 J^-fc^>tSt^n/clfeSffiS)l^HulB*itttcD«fti^t HST* 5 fcib, m 

* in I ft # Ilff^iaLft ®. ic ff 5y*a-AS ^ tc J; § tu 3d Ifc U ft M HI cd Hfi ^ M Id © 

i* -e ?;j « w ic ft ^ ± to , m m k mwr & ib&&miEt<DiLffli* (DM** & q m& k. m <- c t 
w x # a o 

[ 0 0 4 8 ] 

* fc , m id m u n mm%mi&?%mM%)fotmM^^yymm<Dn£btm%n.M m g x m 

3B^* 1 0 0 ic® LX > ^ * HB ^ 5-3 5 C ft S J; 5 Cfilt'tntf, M3Bf»ft^ 

1« ffi fi ? # % ? n 16 U ft S HI £ tu Id * ffl f* cd m M K % @ K ® m X S S to , tu L 

yiscff ? i>' a. - )\> 51 m ic j; § B8aa«sstt*iRojsi«*BuEi&»Tf •B?ijs^tft^±to 

[ 0 0 4 9 ] 
[MM] 

*w t im un -r s . 

[ 0 0 5 0 ] 

(«I 1 ) 
< IE m CD fH M > 

Sf, ffiftItLTOft5f.):g5(imOL i CoO, D*8 9fSI, SS7-f 7^t L 

T«)*77?OB* ( u > ^ a sa is ,Vi « ; k s e ) s s « gp ^ a tf s «• ^ t l t cd # >; 
7 y lb e ^ u x > ©IB ( a ^ it ¥ J I: S iffi S ^ ; # l 100) 3llaRN-^f Atfn y 
K > 5 o fifcfiPfcx^ V ;!/ ^ - *J «fe t>' if - X 5 ;l/ * JU ^ X ffi , ii^lTgftSa*^- 
X h * iffl IS L 0 

[ 0 0 5 1 ] 

STc, ¥^SS0. 5jimOr/HtSH*l 0 0iISffeitf^J77 1b ^ - U r > ( P 
V d F ) 1 5 fi^gp^ N - ^ h° P 'J K y 2 3 5 fi ^ gP (C V";P^-43 j; tf H~-X5 

;l/ * W ^ r ffi , rg L t i 1 14 S I ffl ^ - x h ^ i I L ft „ 

[ 0 0 5 2 ] 

* ^ t? , b5 3d ® * ^ -e h % a i fg cd a is % < ffl iflf (c iu Effiifl&e^-x h % * n =e n 

lILfto ft , H Hi S¥ t L fc £ $ © g S m t> 0 S gf ftf }fi T* A 1 ffi CD M" M <D ffi I L Tc 
o o o ^ T , « tK P ^ L ft £ # © S # » to Hg gK *5 «fc tf S * ^ b D S SIS 1? ISH^tSffi 

iba i fg©amffi t tuidifiyft.MMfn^-x h^^nfniibfeo d©«, ffij»s-&T 

iff 32 A 1 fBtcn-tf)¥?^ 8 0 ju mOSMiJiWyj 5 jit m©|feett«K^^fiSc L, J 
?>(c;7 0 ^X, X U Mmi^liLT U - ;l/«IE«*fHSf Eft Q 
[ 0 0 5 3 ] 
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<n.m<ott®> 

s -r , ? ? y 7 •< h (pyfti^iV,* ; ks i 5) i o o m. m mic x ^ u y / 7* * x 

y 7 r v * X (lilkill:ljS)p n p^ ; L 1 5 7 K HI ; ;)4 8IS%) 4 . 2 111 * )l> 

# * ^ ^ ^ -fe ^ n - x ( $ - a a ss ft n n n « ; b s h i 2 ) © * $ is c n ^ # 1 2 m % 

) 1 3 0 m Sl SP 33 J; * 2 0 * S gp ^ j$ M L , gfrLT^-X f $ifiLft„ O'll/ 1 !, 
£ CO - X h % IK Ig {A 1? fe § C u IS fC *ft I". L > ■!£ $ L X W ffi 19- * 9 0 fim£>ffifeHJB£ 
tf* JjK L Ac ft , 7° U X , X'J7 hinl^»LT'J-;V«ftffi5ffILfc 0 
[ 0 0 5 4 ] 

& ^ -z? , ftff iK a t& © p^k: # u x ^ i* > 'Mw^mu^: m a. n m . ihi t ^ 0 ffi § # « t 

SHL, oo^T> C £D R fS 4A % % 1 0 k g / c m 2 CD J± A) if JBE « L T (g ¥ W itt S Iff * ft 10 
SLft 0 D#o^fr, #SMiS«£ft-f 7)1 5 x>> AS^SKl*) £ ffifM¥««S?f^ 
ffiAU hu E 5^ S m © riB P ftMc 7 ;l> ~ x 7 A » i§ {A £ U - ■y J§ ffi L , ? 6 t JN<fS¥il: 

m 1 33 j; tf 0 2 tc ^ -r #t )g © m u ^ 7 a y * > - # tg hs * & >>: r it . ft & , ms# * a 

SitLTliif b>i)-t;^-h^f)Uf;^-t;*-ht l : 2 © {# ffi J± Tf £ □ 
LAc?K^7§«!cA7 WfcMU (L i P F 6 ) £ 1 * ;l/ / L 7§ W b Ac M © fe CD % 

[ 0 0 5 5 ] 

( ffl ffl 2-16) 

vb « ffi t l t # © m # & » s gp fc* i c? m * m t> o s t* h « t %i & t % m e a i ?e cd m 20 

, M M b H 1 *3 «fc ff H 2 m t m jS © 1 5 « cd ft M U 9 A -f * y - * tti m * fi u: T It 
[ 0 0 5 6 ] 

ftfc, Lt*"*7^ h , f^fb^^ y*JS^ft^IM 1 3 ~ 1 6 T?{4 A 1 JSC f'feffi 

&Btf£^]jgLfc?&, « « ft s is ffl ^ - x h cd m 1 * m -=6 ^ 0 * m m t t 4- o ^ 0 

[ 0 0 5 7 ] 

( it m w n 

& § A 1 fg cD fig tH M K «5 m ft % H! * m fiic L ft ^ Jx ft , llll i: 13 « t? , M $ L H 1 \c 30 
[ 0 0 5 8 ] 

CJtKflfJ 2 ) 

# AS 5¥ t L i: ^ <D fS ^ ^ J6 S *5 J; » ^ $| 0 48 £P T* H ffi t %i |Sj -T 5 IE fS <D * « {* T- 

a i IB cDgasffitcTidnnc^t m is , e is cd m m ft m m % m m , HSLftwn, m 

Ml i: ^ « tf , hij kB L Ac 0 1 tc„; t ffl Jg © ft m ^ ^ A ^ ^- v _ ^ fj jfi ^ ffl T Ac D d 
Ott, « li ft M HM ^ ^ )S T § Ac i6 CD m I (± , m ^ ^ 0 % U JU b Ac „ 
[ 0 0 5 9 ] 

# p> n Ac 9< m m 1 ~ 1 6 ^ <t tf j± k mi, 2 © - ^ -b iic^^t, flfflsfr&fcf-fcflififfT* 

H jg L T « S fff- CD m % D S SP K fS -T S IE ffi O * « ft <D M m SP tftffiOffiillt (C 40 
HoT^liA^®|iJW(cM^tec:?tfc„ C CD t t , E m CD ft ttt (A T* h % A 1 ffi K ?S B* 
^Kfe 6ft5«fS-*S#&IWlkS&Stf & L, rKttcDiiltft (Aim) C iS i *' S ft 5 tl 4 ^ 
^ ^ ^ % a P5 iK 5S& S ^ # D , t L T ffF filli L Ac o d O *S S ^ T HB S 1 K flf HH "T S o 
[ 0 0 6 0 ] 

[a i ] 
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[ 0 0 6 1 ] 

HU adg H^B^^Si^lC ffi & 14 lit Lt 5 0 0 °C W ± » B M 5 B ft & ^ -f 

> ^ # ib t? m % 2 n fit is <o fe © * ffl ^ * % M i ~ i 6 <o -l & m m a , i+ #j & 

f|iiJM£&d£tfT&»tBM<-efc?>A 1 f S # Jg it ? \ M ti ft « m tt , S^14^^t§c 
[ 0 0 6 2 ] 

dtlt^-L, iHSOili#Og^ffiit|61ttSI^f)!Eb§^ltKI 1 £D^M«^f& 40 

tr-u-r> (pvd f) (D^(Dnmm^^m<Dmmf±mm^^^^n^ttiim2i:&$im 

[ 0 0 6 3 ] 

ft , * S Hi! ffl ^ § S6 S tt H (± iK , -fe ^ U - £ , fttS*3«nk:«*fife5miSOU 

7 a -r * y - & -a m e t, m jn -r a d t # nr f?£ & 5 „ 

[ 0 0 6 4 ] 

[ is i!0 (O % % ] 
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